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HOW  MUCH  TIME  IS  NEEDED  TO  TAKE  AN  AVERAGE  FIFTH 
. OR  SIXTH  GRADE  PUPIL  PROM  INACCURACY  TO  100% 

ACCURACY  IN  A FUNDAMENTAL  PROCESS  OP  ARITHMETIC, 
MULTIPLICATION,  FOR  EXAMPLE? 

Chapter  I.  Introduction  j 

Problem:  j 

How  Much  Time  is  Needed  to  Take  an  Average  Fifth 
or  Sixth  Grade  Pupil  from  Inaccuracy  to  100%  Accuracy  in  a 
Fundamental  Process  of  Arithmetic, -Multiplication,  for 
Example? 

I 

Method. 

i 

An  attempt  will  be  made  to  diagnose  types  of  errors  i 
in  multiplication  and  to  furnish  remedial  measures  necessary 
to  attain  100%  accuracy  in  one  fifth  and  .one  sixth  grade. 

Part  of  the  study  will  be  devoted  to  the  “Time"  element  from 
the  standpoint  of  accuracy  and  not  from  the  standpoint  of 
speed.  If  some  children  are  given  time  enough  they  might  do 
their  work  accurately  by  reverting  to  the  counting  habit  or  I 
"saying  the  tables."  Gary  Cleveland  Myers  refers  to  this 

I 

method  as  the  "pernicious  counting  habit."  Even  then  we  find  | 
many  inaccuracies.  Automatic  response  to  the  multiplication 
combinations  is  the  most  necessary  factor  in  attaining  perfect 
mastery.  Increase  in  time,  therefore,  becomes  a danger  signal  j 
and  indicates  the  need  of  specific  checking  on  habits  of  work.  | 
In  order  to  secure  this  the  Wilson  5 P Test  in  Mul- 
tipllcation  was  given  to  one  fifth  grade  class  and  one  sixth  | 
grade  class  of  average  ability.  Specific  remedial  work  was 
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given  to  those  pupils  who  did  not  receive  a perfect  score. 

Their  "Time”  was  noted  for  habits  of  work.  Twenty-minute  period 
of  specific  remedial  work  were  given.  The  pupils  were  tested  at 
intervals,  the  time  required  to  do  the  test  was  recorded,  and 
the  number  of  periods  of  specific  remedial  work  necessary  for 
the  pupil  to  obtain  a perfect  score  were  noted.  Each  pupil  re- 
ceiving a perfect  score  on  a re-test  was  excused  from  further 
drill.  The  "Time"  recorded  included  checking  in  all  cases. 


13 


Historical  Background 


Many  changes  in  the  teaching  of  arithmetic  have  occur- 
red since  1900.  Before  that  time,  arithmetic,  with  all  of  its 
difficulties,  was  taken  for  granted.  The  more  difficult  the 
problem  or  the  more  intricate  the  process,  the  more  discipline 
it  gave  for  later  life;  such  was  the  theory. 

Arithmetic  was  placed  in  the  curriculum  in  this  counti|Jr 
as  early  as  1750  because  of  the  necessity  of  teaching  computaticjp 
in  the  development  of  industry.  Gradually  the  time  devoted  to 
arithmetic  was  extended.  During  the  first  half  of  the  next  cen- 
tury the  boys  in  many  rural  and  small  town  schools  devoted  fulljj' 
half  of  their  time  to  arithmetic. 

In  an  unpublished  thesis  entitled  "Five  Case  Studies 
of  Arithmetic  Failure"  Boston  University  School  of  Education, 
1935,  by  R.F.  Pucko,  (36)  the  historical  development  of  arith- 
metic is  summarized.  Further  comments  would  be  repetition. 

( 56 ) See.  Bibliography . 
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Chapter  II 
Preliminary  Study. 

A preliminary  study  of  errors  In  multiplication  was 
made  In  February,  1934.  Dr.  Wilson's  5 P Multiplication  test 
was  given  In  a city  system  in  Grades,  five,  six  and  seven  in 
February,  1934,  and  In  Grade  four  in  May,  1934.  Twenty-six 
types  or  errors  were  noted  and  tabulated. 

One  error  in  each  incorrect  example  was  found  in 
Grade  Four  due  to  the  fact  that  the  work  in  multiplication  was 
’’fresh'*  in  their  minds.  In  Grades  Five  and  Six  some  of  the 
Incorrect  examples  contained  more  than  one  error  due  probably 
to  carelessness  as  the  errors  were  Inconsistent . In  Grade 
Seven  each  incorrect  example  contained  one  error. 

Total  number  of  pupils  tested  735 
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IV 

65 
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93 
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i 14 
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VII 

477 
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Table  1 on  page  5 provides  a summary  and  a comparison 
of  percentage  of  errors  in  Grades  Pour  to  Seven  inclusive,  in 
this  preliminary  study.  "Carrying  in  multiplication"  received 
the  highest  percentage  of  errors  in  all  grades.  For  the  four 
grades  combined  it  equalled  20.35^. 

"Omitted  one  product"  received  the  second  highest 
percentage  of  errors  in  Grade  Pour — 12.99^.  In  Grade  Five  the 
second  highest  percentage  of  errors  occurred  in  "adding  the 
partial  products." — 16.31%,  while  in  Grade  Six  the  second 
highest  percentage  of  errors  was  found  when  "the  first  figure 
or  the  first  two  figures  in  the  multiplier  were  a zero  or 
zeros— 17.73%.  In  Grade  Seven  the  second  highest  percentage 
of  errors  occurred,  as  in  Grade  Six,  when  "the  first  figure 
or  the  first  two  figures  in  the  multiplier  were  a zero  or 
zeros— 19.54%. 

"Errors  in  adding  the  partial  products"  ranked  third 
in  Grades  Four,  Six,  and  Seven;  Grade  Pour--12.15%;  Grade  Six- 
-17.53%;  Grade  Seven— 12.65%.  In  Grade  Five  "the  first  figure 
or  the  first  two  figures  in  the  multiplier  a zero  or  zeros" 
ranked  third--15.26%. 

"Multiplied  incorrectly--no  carrying"  came  fourth  in 
Grades  Five,  Six,  and  Seven;  Grade  Five — 8.94%;  Grade  Six — 
7.21%;  Grade  Seven--12.37%.  The  fourth  percentage  of  errors 
in  Grade  Pour  occurred  when  "the  first  figure  or  the  first  two 
figures  of  the  multiplier  were  a zero  or  zeros--12.15%. 
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Number  Five  in  percentage  of  errors  in  Grade  Four 

occurred  in  "multiplying  incorrectly- -no  carrying"— 3*38%;  in 

Grade  Five  “omitted  one  partial  product” --3 ,59^;  in  Grade  Six 

"put  in  a decimal  point"— 5*06%;  in  Grade  Seven  "omitted  a 

dollars  sign" — 3*84%. 

Number  Six  in  percentage  of  errors  in  Grade  Four- 

"the  partial  product  in  the  wrong  place "--6 *70^;  in  Grade  Five- 

"put  in  a decimal  point"— 4*83;^;  Grade  Six-"zero  times  digit"  — 

4.67%;  Grade  Seven  "multiplied  the  partial  products  Instead  of 

adding  them"— 3*65%# 

Number  seven  in  percentage  of  errors  in  Grade  Four- 

"multiplied  the  partial  products  instead  of  adding  them” — 

5,03^;  Grade  Five  "omitted  the  dollars  sign" — 3*33^;  Grade  Six- 

"oraitted  the  dollars  sign"--4*09%;  Grade  seven- "omitted  one 

partial  product "--3 *04%. 

Number  eight  in  percentage  of  errors  in  Grade  Four- 

"digit  times  zero" — 3.14^;  Grade  Five -"zero  times  digit" — 

3*15%;  Grade  six--"digit  times  zero"--4*09%;  Grade  Seven-"Zero 

times  digit”— 2,31 

It  is  evident  from  Table  1 that  carrying,  zero  dif- 
ficulties, and  adding  partial  products  are  major  causes  of  dif- 
ficulty in  multiplication.  Together  they  account  for  49.98% 

of  the  errors  of  the  735  pupils  in  Grades  Four,  Five,  Six,  and 

Seven  who  took  the  Wilson  5 P Multiplication  Test  in  February 

and  May,  1934,  In  Tables  11,  111,  IV,  and  V,  respectively, 

the  eifdit  most  frequent  errors  for  each  grade  are  shown. 
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In  each  grade  carrying  stands  at  the  top  of  the  list,  as  a 
cause  of  error. 


Table  1 

Showing  the  Types  of  Errors  in  the  Preliminary  Study 
in  Grades  Four,  Five,  Six,  and  Seven,  as  shown  by 
the  returns  in  the  5 P Multiplication  Test  Feb, 

12,  1934,*  Feb.  19,  1934;  May  19,  1934 


1 Multiplied  wrong- 

no  carrying 

2 Carrying  in  multiplication 

3 Added  instead  of 

multiplying-- 

4 Errors  in  adding  product s- 

5 Did  not  add  the  product s-- 

6 Dollars  and  cents 

times  ten- 

7 Omitted  dollars  sign- 

8 Omitted  decimal  point-- — 

9 Omitted  dollars  sign  and 

decimal  point  in  same 
example 

10  Put  in  a decimal  point--  — 

11  Decimal  point  in 

wrong  place 

12  Zero  times  digit- 

13  Digit  times  zero 

14  Zero  in  multiplicand— ---- 

15  Zero  in  multiplicand  and 

multiplier- 

16  Omitted  one  product- 

17  Did  not  multiply  last 

figure  in  multiplicand— - 

18  Multiplied  last  figure  in 

multiplicand  twice 

19  Put  in  extra  figure  in  the 

answer  or  in  the  products 

20  Left  out  one  figure  in  the 

product  9 X 4--3^6) 

omitting  the  6 

21  Omitted  the  example 

22  Began  with  second  figure 
in  multiplicand  for  the 

second  product 

23  Product  in  the  wrong 

place- 

24  Errow  when  first  figure  or 
first  two  figures  in  mul- 
tiplier-zero or  zeros 


: Gr.IV 
: 65 

Gr.  V 
■ 93 

Gr.  VI 
100 

Gr.Vtl 

477 

40 

51 

37 

187 

: 120 

112 

136 

472 

: 1 

10 

2 

26 

: 58 

93 

90 

191 

: 7 

6 

2 

6 

: 12 

16 

11 

11 

: 0 

19 

21 

58 

: 0 

8 

8 

10 

: 6 

4 

10 

31 

: 5 

25 

26 

8 

: 1 

5 

4 

16 

: 7 

18 

24 

35 

: 15 

9 

21 

21 

: 5 

12 

3 

9 

: 0 

2 

1 

7 

: 62 

49 

14 

46 

: 2 

3 

0 

3 

: 2 

1 

2 

0 

: 6 

2 

4 

2 

: 10 
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1 
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: 1 

11 

0 

11 

; 2 
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0 

1 

: 32 

13 

4 

2 

: 58 

87 

91 

295 
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Table  1 I continued; 
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: Gr.iV 

Gr.  V 

Gr.VI 

Gr.  Vil 

: 65 

93 

100 

477 

« 

• 

25  Multiplied  instead  of  : 

adding  the  products---:  24 

3 

0 

55 

26  Omitted  a figure  in  the: 

multiplicand  not  other- 

wise  covered- i 

• 

• 

0 

2 

5 

Total  number  of  errors-:  477 

: 570 

: 513 

1509 

t 


Table  11 

Showing  Eight  of  the  Most  Frequent  Errors  and 
the  Percentage  of  Erroi's  in  Grade  Pour  as 
shown  by  the  Analysis  of  the  5P  Multipli- 
cation Test,  May  17,  1934 


1 Carrying  in  multiplication 

2 Omitted  one  product 

3 Errors  in  adding  the  products 

4 Errors  when  first  figure  or  first  tv/o 

figures  in  multiplier--sero  or  zeros 

5 Multiplied  incorrectly--no  carrying 

6 Product  in  the  wrong  place 

7 Multiplied  instead  of  adding  the  products 

8 Digit  times  Zero 

Total  of  the  eight  most  frequent  errors 

Total  number  of  errors 

Total  number  of  pupils  (two  classes) 


120 

26.15  % 

62 

12.99  % 

68 

12.16  % 

58 

12.15  % 

40 

8.38  % 

32 

6.70  % 

24 

5.03  % 

15 

3.14  % 

409 

477 

65 

The  above  table  is  read  as  follows: 

Carrying  in  multiplication  ranked  first  in  the  types  of 
errors. 


There  were  120  errors  of  this  type. 

Tables  III,  IV,  and  V are  read  in  the  same  manner 
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Table  III 
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Showing  Eight  of  the  Most  Frequent  Errors  and 
the  Percentage  of  Errors  in  Grade  Five  as 
shown  by  the  Analysis  of  the  5 P Multipli- 
cation Test,  Feb.  12,  1934 


1 

Carrying  in  multiplication 

112 

19.64  % 

2 

Errors  in  adding  the  products 

93 

16.31  % 

3 

Error  when  first  figure  or  first  two 
figures  in  multiplier-zero  or  zeros 

87 

15.26  % 

4 

Multiplied  incorrectly -no  carrying 

51 

8.94  % 

6 

Omitted  one  product 

49 

8.59  % 

6 

Put  in  a decimal  point 

26 

4.38^ 

7 

Omitted  dollars  sign 

19 

3.33  % 

8 

Zero  times  digit 

18 

3.15  % 

Total  of  the  eight  most  frequent  errors 

454 

79.64  % 

Total  number  of  errors 

570 

Total  number  of  pupils  (2^  classes) 

93 
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Table  iV  9 

Showing  Eight  of  the  Most  Frequent  Errors  and 
the  Percentage  of  Errors  in  Grade  Six  as 
shown  by  the  Analysis  of  the  5 P Multipli- 
cation Test.  Feb.  12,  1934 


1 

Carrying  in  multiplication 

136 

26.51  % 

2 

Error  when  first  figure  or  first  two 
figures  in  multiplier-zero  or  zeros 

91 

17.73  % 

3 

Errors  in  adding  the  product 

90 

17.54  % 

4 

Multiplied  incorrectly — no  carrying 

37 

7.21  % 

5 

Put  in  a decimal  point 

26 

5.06  % 

6 

Zero  times  digit 

24 

4.67  % 

7 

Omitted  dollars  sign 

21 

4.09  % 

8 

Digit  times  zero 

21 

4.09  % 

Total  of  the  eight  most  frequent  errors 

446 

86.93  % 

Total  number  of  errors 

513 

Total  number  of  pupils  (2|-  classes) 

100 
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Table  V 

Showing  Eight  of  the  Most  Frequent  Errors  and 
the  Percentage  of  Errors  in  Grade  Seven  as 
shown  by  the  Analysis  of  the  5 P Multipli- 
cation Test,  Feb.  19,  1954 
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1 Carrying  in  multiplication 

2 Error  when  first  figure  or  first  two 

figures  in  multiplier-zero  or  zeros 

3 Errors  in  adding  the  products 

4 Multiplied  incorrectly — no  carrying 

5 Omitted  dollars  sign 

6 Multiplied  instead  of  adding  the  products 

7 Omitted  one  product 

8 Zero  times  digit 

Total  of  the  eight  most  frequent  errors 

Total  number  of  errors 

Total  number  of  pupils  ( 14  classes  ) 


472 

31.27  % 

295 

19.54  % 

191 

12.65  % 

187 

12.39  fo 

58 

3.84  % 

55 

3.65  ^ 

46 

3.04  % 

35 

2.31  % 

1339 

88.73  % 

1509 
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01 


V oIcTbT 


X 


V oIcTbT 

bos  S'lO'i'ia  d-nojjpo-f^  lo  &d^l:d  aniworfe 

aj3  flsvdS  ebB'iO  ni  3‘io*ia3  lo  arlJ* 

-ilqirfli/M  i d arfct  lo  eis-^IeciA  exld  av.’orfe 
^01  .cfs*^  ♦d’aeT  noXiBO 


V2.I5 

2V^ 

. 01 

602 

69,21 

xei 

OS.  21 

V8I 

^8.6 

86 

6c . S 

66 

^‘O.s 

9^ 

IS.S 

6S 

sv.ee 

05SX 

QC6X 

VVi^ 

ftoXd’BolIqicfljLaa  n±  X 

ow;t  cta'iXt  *10  9*11/321  d-aiXl  nerfw  lo-nH  2 
QO*ios  '10  0*102 -‘leflqXd’Ixjin  at 

3^o//bo»iq  oo'd’  anXbfcB  n2  oqo'tia 

3n2^t‘i*i«o  on-- v:I:too'riocn2  Jf>o2Iq2^InM  ^ 

naXs  anBiXob  6o;to2ic0  5 
aitojL'bonq  off:t  ^atbbB  lo  JbnoXsnX  bsXXqXXIiiit  d 

Xojjbonq  ono  boXXXnrO  V 
Xislb  Qomid-  0*10^  8 

anon'is  Xnanpenl  Xaoni  dxl^Xo  onX  lo  lad-oT 

3*10*110  lo  lodnma  IsdoT 
( eeaaBlo  ) alXqnq  lo  lacTm/fii  lad^oT 


I 

. ]g 


T d M 


11 


In  Grade  Four  there  were  two  perfect  scores;  in 
Grade  Five  there  was  one  perfect  score;  in  Grade  Six  there 
was  one  perfect  score;  and  in  Grade  seven  there  were  seventy- 
three  perfect  scores.  In  the  four  grades  there  were  seventy- 
seven  perfect  scores  equalling  10.99^. 

In  Table  VI  will  be  found  the  suinmary  of  the  scores 
for  each  of  the  four  grades,  and  in  Table  VII  will  be  found 
the  summary  of  the  median,  quartile  three,  quartile  one, 
high  score,  low  score,  and  standard  deviation  for  each  of 
the  grades. 


Ill  J3e^oo3  ^Odx'ioq  owj^  s«i9w  eiorfd’  tuO'^  obij'iD  nl 
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-■'-^(tnavea  S'lov  asb.Q'i^  »iuo*i  ©dcf  nl  .aeiooa  ^oa'l'ioq  eeirf^ 

3niXXBjjp3  aertoos  ^a^'l'xoq  jcevos 
26*1008  aricf  lo  ';;‘ififf3!Uir8  orfd”  bnxjo'i  ocf  XXXw  IV  oXcfflT  rtl 

biLUQx  6cf  IXXw  IIV  aXcfjsT  ni  brja  ^aobBia  'ijjol  erfct  lo  riooo  ‘lol 
^ono  eXXi*iai;p  ^oeirfo  oIl:t*L8X/p  ^^BXboffl  orfct  lo  '^frLQiacuja  9ri:t 
lo  rios9  ‘xol  noXi^iiXvoJb  baebas^e  bnc  ,9*1003  woX  ,q‘coo3  dairf 
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Showing  Summary  of  the  Scores  for  Each  Grade, 

in  the  Preliminary  Study  in  the  Spring  of 

1934 

Score 

Grade  Four 

Grade  Five 

Grade  Six 

Grade  Seven 

100 

2 

1 

1 

73 

96 

5 

2 

14 

69 

92 

3 

8 

12 

68 

88 

7 

16 

18 

85 

84 

4 

15 

14 

55 

80 

13 

8 

10 

35 

76 

3 

13 

9 

46 

72 

8 

8 

8 

26 

68 

3 

8 

4 

6 

64 

2 

2 

5 

5 

60 

2 

2 

1 

5 

56 

1 

3 

0 

1 

52 

1 

3 

0 

1 

48 

2 

1 

1 

1 

44 

3 

1 

1 

0 

40 

0 

1 

0 

1 

36 

1 

0 

1 

0 

32 

1 

0 

1 

0 

28 

1 

0 

0 

0 

24 

1 

0 

0 

0 

20 

1 

1 

0 

0 

16 

1 

0 

0 

0 

The  percentage  of  perfect  scores  in  the  four  grades  was 

10.47  J 

The  above  table  Is  read  as  follows: 

Two  pupils  in  Grade  Four,  one  pupil  in  Grade 

Five , one 

pupil  in  Grade  Six,  and  seventy-three  pupils  in  Grade  Seven 

received  perfect  scores* 

21 
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A Point  Summary  of  the  Scores  for  Each  Grade 
in  the  Preliminary  Study  in  the  Spring  of 

1934 


Hi^h Q-5 Median (=^-1- Low S.D, 


Grade  4 

100 

88 

80 

64 

16 

21.30 

Grade  5 

100 

88 

80 

72 

20 

13.52 

Grade  6 

100 

92 

84 

76 

32 

12.63 

Grade  7 

100 

92 

88 

80 

40 

9.96 

The  above  table  is  read  as  follows: 

In  Grade  Pour  the  median  score  was  80;  third  quartile 
88;  first  quartile  64;  high  score  100;  low  score  16;  stand 
ard  deviation  21.30* 
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Chapter  III 
The  Zero  Difficulty 
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The  "zero  difficulty"  Is  discussed  briefly  here  as  an 

1 

Illustration  of  the  difficulties  which  confront  us  In  multipli- 
cation* Some  children  have  no  difficulty  with  the  digit  times  | 

I 

zero  but  do  have  difficulty  with  the  zero  times  the  digit*  On  ' 
the  other  hand  some  children  have  no  difficulty  with  the  zero 
times  the  digit  but  do  have  trouble  with  the  digit  times  the 
zero.  Others  have  difficulty  with  both* 

The  "zero  difficulty"  and  "carrying  In  multiplication® 
are  the  two  types  of  errors  most  commonly  reported  upon  by  work- 
ers In  research  on  multiplication  difficulties.  Here  are  three 
comments  by  research  students: 

"The  zero  Is  one  of  the  greatest  arithmetic  trouble 
makers  In  the  elementary  school."  (22) 

"Children  who  are  learning  arithmetic  must  actually 
employ  the  zero  for  what  It  Is  lntended--a  place  holder."  (44) 

"The  most  common  fault  In  multiplication  Is  lack  of 
knowledge  of  the  basic  combinations  especially  those  In  which 
the  zero  Is  Involved.  This  fault  Is  also  revealed  by  the  pu- 
pils who  count  or  repeat  the  tables  to  procure  the  product* 

Another  source  of  error  In  multiplication  Is  faulty 
carrying,  thereby  reveallrig  a weakness  In  addition* 

Numerous  faulty  procedures  are  found  In  examples  In- 
volving the  work  of  multiplying  by  two  or  more  figures  especial- 
ly when  the  multiplier  contains  one  or  more  zeros*  | 

The  analysis  of  the  data  concerning  faulty  procedures 
suggests  the  following:  ! 

(1)  The  necessity  of  giving  special  attention  to  | 
examples  Involving  zeros  In  either  multiplicand  or  multiplier* 

(2)  The  necessity  of  Insisting  on  neat  work  and 

the  correct  placing  of  partial  products*  ' j 

(3)  The  desirability  of  requiring  the  pupil  to  re- 
check the  entire  work  before  being  prepared  to  accept  the 
answer  as  correct*"  (7) 
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There  is  practically  no  variation  in  the  t3rpes  of 
errors  in  malt ip lie at ion  in  the  different  research  studies 
which  were  examined  hy  the  writer.  During  the  first  semester 
of  1924-1925  a test  containing  210  examples  in  multiplication 
was  given  to  tv;o  thousand  pupils  in  Grades  Pour  B to  Eight  A 
inclusive  in  twelve  schools  in  the  city  of  Milwaukee,  Wiscon- 


sin. The  findings  were  as  follows: 


”(l)  Specific  drill  during  special  help  time  for  two 
weeks  reduced  the  errors  from  7.6  in  the  first  test  to  0.8  in 
the  third  test. 


(2)  There  proved  to  be  several  ’zero'  difficulties 
Instead  of  one  as  is  commonly  accepted.  The  per  cent  of  errors 
in  examples  with  zeros  in  the  units  place  was  found  to  be  al- 
most always  greater  than  in  examples  with  zeros  in  the  tens 
place. 


(3)  Certain  types  of  errors  especially  where  the 
zero  occurred  in  the  units  place  persisted  even  though  specific 
drill  was  given. 

(4)  The  greatest  source  of  error  in  carrying  occurre 
when  the  sum  of  the  carried  number  and  the  partial  product  was 
in  a decade  above  the  partial  product  as  in  the  following  ex- 
ample : 


888 

X7 

7216  16  added  Instead  of  6 


(5)  Drill  upon  specific  skills  in  which  pupils  were 
weak  yielded  larger  returns  than  indescrirninate  drills. 

(6)  The  diagnostic  tests  revealed  the  weak  skills, 
while  drill  cards  enabled  the  teachers  to  give  specific  drill 
upon  the  specific  weaknesses  of  each  pupil. 

(7)  That  forgetting  played  an  important  part  was 
proved  by  the  fact  that  the  per  cent  of  error  increased  from 
0.8  in  test  3 to  1.4  in  test  4.  The  time  between  test  3 and 
test  4 was  three  months,  during  which  no  specific  drill  was 
given."  (12) 
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Chapter  IV  16 

Drill 

Since  multiplication  is  so  closely  allied  to  add!*- 
tion  it  will  he  necessary  for  the  pupil  to  meet  the  addition 
requirements: 

"The  100  primary  or  first  decade  facts* 

The  300  upper  decade  facts  through  399. 

The  80  additional  higher  facts  needed  for  carrying 
in  multiplication  through  9 X 9."  (49) 

These  added  to  the  100  multiplication  combinations 
through  9X9  complete  the  requirements  for  100  per  cent 
mastery  as  far  as  the  multiplication  facts  are  concerned,  be- 


yond the  facts  are  the  process  difficulties,  and  these  must 
be  mastered  also. 

Can  the  school  child  be  given  complete  control  of 
the  fundamentals  in  school  life?  This  study  tends  to  prove 
that  it  can  if  the  load  is  properly  reduced  and  the  material 
well  organized. 

"More  attention  should  be  directed  toward  a definite 
attempt  to  secure  100  per  cent  accuracy  in  arithmetic.  With 
correctly  chosen  subject  matter  ajid  a well  organized  teaching 
program  the  average  child  becomes  perfect  in  the  ground  work 
of  the  fundamentals. 

Reasons  for  failure  in  the  past: 

1.  More  than  half  of  the  time  has  been  spent  on 
useless  processes,  processes  never  used  by  the  adult  community 
and  therefore  not  likely  to  be  used  outside  of  the  schoolroom 
by  the  pupils. 

2.  Beginning  formal  drill  too  early. 

3.  Absence  of  adequate  teaching  plans.  There  has 
been  no  plan  for  teaching  facts  in  sizable  units  and  there  has 
been  no  plan  for  checking. 

4.  Lack  of  adequate  drill  service. 

In  the  attempt  to  gain  100  per  cent  results  in  arith- 
metic the  first  step  is  the  proper  choice  of  subject  matter. 

95  per  cent  of  all  arithmetic  used  in  all  occupations  consists 
of  simple  manipulations  in  the  four  fundamentals."  (57) 
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The  Twenty  Ninth  ^earhook  of  the  National  Society 
for  the  Study  of  Education  gives  the  following  aspects  of 
modern  thought  on  arithmetic: 

’’We  drill  to  build  a skill  and  we  drill  to  maintain 

a skill. 

Drill  and  application  should  follov/  effective  learn- 
ing of  the  content* 

Instruction  and  drill  should  be  interspersed* 

The  intention  to  learn  should  be  dominant,  not  for 
the  moment,  but  permanently* 

Clear  v/e  11 -under stood  ideas  of  a process  should  be 
grasped  before  drilling  upon  it* 

Careful  construction  of  drill  should  be  built  so  that 
certain  combinations  are  not  forever  begbears  to  the  child. 

The  work  should  be  presented  in  such  vanities  of  situ 
ations  that  the  child  is  not  lost  the  moment  the  problem  is 
situated  in  a way  to  which  he  is  not  accustomed* 

There  should  be  genuine  motivation  of  effort. 

Careful  testing  should  reveal  the  weak  points  follow- 
ed by  prudent  re-teaching  and  drill  before  such  weak  points 
become  chronic. 

There  should  be  a judicious  grading  of  work  to  vary- 
ing abilities.”  (24) 

Drill  cannot  be  effective  unless  the  causes  of  the 
types  of  errors  can  be  discovered  and  corrected  by  application 
of  the  particular  Instruction  which  the  individual  pupil  needs. 
Such  instruction  will  correct  the  erroneous  methods  of  proce- 
dure; group  instruction  is  not  enough. 

Greene  and  Buswell  in  their  article  on  "Testing, 
Diagnosis,  and  Remedial  Work"  in  the  Twenty-Ninth  Yearbook 
of  the  National  Society  for  the  Study  of  Education  (18)  make 
the  follOY/ing  statements: 


* 


18 

’’Group  diagnostic  testing  should  always  come  first. 

Individual  diagnosis  testing  follows  with  the  fur- 
ther analysis  of  the  particular  difficulties  which  the  pupil 
experiences  in  order  that  his  method  of  working  may  be  made 
more  effective. 

The  chief  purpose  of  individual  diagnosis  is  to  dis- 
cover how  the  pupil  works  when  he  proceeds  in  his  regular  man- 
ner. 

Diagnostic  procedure  and  remedial  procedure  should 
be  separate  processes  and  the  teacher  should  not  attempt  to 
remedy  a poor  method  while  making  a diagnosis. 

Real  teaching  must  be  individual  teaching  to  a very 
considerable  extent. 

Effective  teaching  is  specific  teaching. 

Careful  individual  diagnosis  must  be  made  in  the 
case  of  children  who  have  serious  difficulties. 

It  is  a mistake  to  give  all  pupils  the  same  drill. 

It  is  a waste  of  time  for  those  who  do  not  need  the  drill. 

The  basic  principles  underlying  individual  diag- 
nostic and  remedial  work  is  that  improvement  in  the  results 
obtained  will  be  sought  by  an  improvement  in  the  methods  by 
which  these  results  are  obtained."  (18) 

Remedial  work  provides  for  individual  differences. 

It  not  only  furnishes  corrective  work  for  the  pupil  who  is 
slow  but  it  also  provides  enrichment  for  the  pupil  who  is 
able  to  proceed  at  a more  rapid  rate.  It  should  also  elim- 
inate that  which  is  not  practical  or  useful  in  arithmetic. 

In  this  manner  the  load  will  be  lightened  and  the  joy  of  ac- 
coraplishment  can  be  experienced  by  every  pupil  of  normal 
intelligence. 

’’Suit  the  amount  of  drill  to  the  difficulty  of  the 

task. 

Teach  that  which  is  most  used  in  life. 

Teach  that  which  the  pupils  do  not  know. 

Do  not  try  to  teach  what  the  child  could  not  learn 
even  with  the  best  teacher  in  the  world. 

Always  do  your  best  to  encourage  pupils  to  want  to 
learn  what  they  should  learn. 

Teach  what  is  most  used  or  should  be  most  used  in 
life.”  (32) 
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In  summary,  the  alms  are  about  as  follows 

Drill  material  should  be  suited  to  the  every  day 
needs  of  the  pupils  and  useless  material  eliminated. 

Drill  material  should  be  suited  to  the  individual 
needs  of  the  pupils. 

Drill  must  be  specific. 

Drill  should  be  well  organized. 

Drill  should  follow  learning. 

Drill  to  build  a skill. 

Drill  to  maintain  a skill. 

Perfect  mastery  of  the  four  fundamentals  must  come 
through  understanding  follov/ed  by  automatic  response. 
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Chapter  V 

Specific  Remedial  Work  in  Grade  Five  and  the  Results 

Prom  the  Preliminary  Study  previously  reported  in 
Chapter  1 the  writer  reached  the  conclusion  that  any  child  of 
normal  intelligence  above  the  fourth  grade  can  attain  100  per 
cent  mastery  in  multiplication  if  the  load  is  properly  reduced 
and  the  material  well  organized. 

On  Nov.  5,  1935  the  Wilson  5 P Multiplication  Test 
was  given  to  38  fifth  grade  pupils  ranging  in  mental  ability 
from  67  I.Q.  to  145  I.Q.  The  I.Q's  were  determined  by  the 
National  Intelligence  Tests  given  earlier  in  the  year. 


Distribution  of  I.Q.’s 


No.  of 

No.  Of 

puplis 

I.Q. 

pupils 

I.Q. 

1 

67 

1 

108 

1 

78 

1 

no 

1 

83 

1— - 

Ill 

1 

86 

2 

113 

2 

87 

1 

114 

1 

89 

3 

115 

1 — 

93 

1 

116 

1 

99 

1 - 

118 

2- 

100 

2 

121 

1 

101 

1 

122 

1 

104 

1 

131 

3 

105 

1 

132 

1 

106 

2- - 

133 

2- 

107 

1 

145 

Total  3B 


From  the  distribution  of  the  I.Q’s  this  does  not 
seem  like  an  average  class.  An  explanation  later  in  the  study 
accounts  for  some  of  the  low  I.Q,.*s. 
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Showing  Scores  made  on  the  5 P Multiplication  Test 
by  38  Fifth  Grade  Pupils,  Nov.  5,  1935. 


Ho.  of 

pupils  Score 


2 

100 

3 

96 

10 

- 92  — 

• 03— 

4 

38 

6 

34  — 

.—84 

3 

30 

3 

76  — 

• Ql— 

4- 

72 

1- 

68 

1 

64 

1 

28 

3^ 


Showing  The  Time  taken  by  38  pupils  of  the  Fifth  Grade 
on  the  5 P Multiplication  Test:  Nov.  5,  1935. 


No.  of 


pupils 

Time 

• 1 

13 

6 

18 

8 

19 

t 

1 

1 

1 

i 

1 

1 

03 

1 

i 

1 

.—19 

2 

20 

3- 

22  — - 

Median — 

.—22 

5 

---23 

2 

— 24 

2 

25 

2 

27  — - 

• — Ql— . 

.--27 

1 

-29 

1 

30 

1 

—31 

1 

--32 

1 

34 

1 

37 

1 

40 

38 


The  above  data  on  scores  and  time  is  shov;n  graphically 


in  Figures  1 and  2 which  follow 


Figure  1 


Showing  graphically  the  distribution  of  scores  on  the 
5 P Multiplication  Test  made  by  38  Fifth  Grade  pupils 

Nov.  5,  1935 

No. of 


Figure  1 Is  read  as  follows: 

2 pupils  received  a score  of  100. 


Figure  2 


Showing  graphically  the  distribution  of  time  in  the 
5 P Multiplication  Test  made  by  38  Fifth  Grade  pupils 

Nov.  5,  1935 


Figure  2 is  read  as  follows; 

1 pupil  completed  the  test  in  13  minutes. 


All  time  Included  checking 
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Eighteen  types  of  errors  were  found  in  the  5 P 
Multiplication  Test  done  "by  the  38  fifth  grade  pupils  on  rJov, 

5,  1935.  This  was  a gain  of  seven  types  of  errors  over  the 
same  test  given  to  fifth  grade  pupils  on  Peh.  12,  1934. 

'^Carrying  in  multiplication"  still  seems  to  he  the 
"bugbear."  There  were  57  errors  of  this  type  with  a percent- 
age of  36.37.  "Omitted  one  partial  product"  came  second  with 
16  errors  and  a percentage  of  10.32.  Third — "errors  in  adding 
the  partial  products "--14— 9.03  %;  fourth- -"product  in  the 
wrong  place "--10—6.45  %;  fifth- -"multiplied  incorrectly— no 
carrying"--10--6.45  %•,  sixth — "added  the  partial  products  in- 
stead of  multiplying  them"— 9--5.80  seventh — "multiplied 

instead  of  adding "--9 --9 .80%;  eighth — "dollars  and  cents  times 
10"  ($5.90  X 10)--5--3.22%;  ninth — "zero  times  digit" — 4 — 2.58%, 

The  tenth  error  was  "omitted  dollars  sign  and  decimal 
point"  with  4 error s--2. 58  %;  eleventh  "multiplied  by  the  wrong 
figure"— 4— 2. 58  %;  twelfth--"put  in  a decimal  point"— 3— 

1.93  %;  thlrteenth--"omitted  a figure  in  the  multiplicand"— 
3--1.93  %;  fourteenth-- "omitted  dollars  sign"— 3--1.93  %; 
fifteenth--"dlgit  times  zero"--l--. 64  %;  sixteenth — "did  not 
add  the  partial  products"--!--. 64  %;  seventeenth — "put  down 
the  wrong  figure" — 1--.64  %;  eighteenth--" subtracted  instead 
of  multiplying--!— .64  %. 

The  total  number  of  errors  was  155. 

The  above  data  is  shown  in  Table  iX  which  follows, 

and  is  shown  graphically  in  Figure  5 following  Table-  IX^- 


Table  IX 
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Showing  the  Types,  Number,  and  Percentage 

of  Errors 

in 

the  5 P Multiplication  Test,  made  by  38  Fifth 

Grade 

Pupils . 

JNov*  5,  1935 

1 

Carrying  in  multiplication 

57 

36.77 

2 

Omitted  one  partial  product 

16 

10.32 

% 

3 

Errors  in  adding  the  partial  products 

14 

9.03 

% 

4 

Product  in  the  wrong  place 

10 

6.45  % 

5 

Multiplied  incorrectly — no  carrying 

10 

6.45 

% 

6 

Added  instead  of  multiplying 

9 

5.80 

% 

7 

Multiplied  instead  of  adding 

9 

5.80 

% 

8 

Dollars  and  cents  times  10  ($5.90  X 10) 

5 

3.22 

% 

9 

Zero  times  digit 

4 

2.58 

% 

10 

Omitted  dollars  sign  and  decimal  point 

4 

2.58 

% 

11 

Multiplied  by  the  wrong  figure 

4 

2.59 

% 

12 

Put  in  a decimal  point 

3 

1.93 

% 

13 

Omitted  a figure  in  the  multiplicand 

3 

1.93 

% 

14 

Omitted  the  dollars  sign 

3 

1.93 

% 

15 

Digit  times  zero 

1 

.64 

% 

16 

Did  not  add  the  products 

1 

.64 

% 

17 

Put  down  the  wrong  figure 

1 

.64 

% 

18 

Subtracted  instead  of  multiplying 

1 

.64 

% 

Total  number  of  errors 

155 

A graph  of  this  table  follows. 
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Figure  3 

► 

Showing  Graphically  the  Types  of  Errors 


in  the  5 P Multiplication  Test  Hade  by  38  Fifth 


Grade  Pupils  Nov.  5,  1935 


No  .of 
errors 

57 

16 

14 

10 

9 

5 

4 

3 

1 

Types  of  errors  1 2 3 4 5 6 7 8 9 10  n 12  13  14  15  ]6  17  38 


The  18  types  of  errors  appearing  at  the  bottom  of  the 
graph  are  numbered  to  correspond  with  the  numbers  of  the 
types  of  errors  in  Table  IX. 

Figure  3 is  read  as  follows: 


There  were  57  errors  of  type  No.  1 (See  p.  25  ) 
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In  Table  X which  follows,  the  distribution  of  the 
types  of  errors  has  been  tabulated  according  to  examples.  The 
twenty-five  examples  are  numbered  alphabetically  from” a” to" y” 
inclusive.  The  first  seven  types  of  errors  which  numbered 
from  9 errors  to  57  errors  were  quite  generally  distributed 
from  example"h”to  y_ inclusive. 

Seven  types  of  errors  were  found  in  example"w” 
as  follows: 


(w) 

Carrying 

12  errors 

784 

Omitted  one  product 

4 errors 

X 367 

Error  in  adding 

1 error 

5488 

Product  in  wrong 

4704 

place 

2 errors 

2352 

Multiplied 

287728 

incorrectly 

2 errors 

Added  products 

2 errors 

Multiplied  instead 

of  adding 

2 errors 

25  errors 

Example "w"had  the  greatest  number  of  errors.  There 
(t)  were  11  errors  in  example ”tV  3 omitted 

680  the  dollars  sign  and  3 put  in  a deci- 

120  mal  point;  2 did  not  multiply  by  the  1, 

and  one  left  out  one  of  the  figures  in 
the  multiplicand. 


13600 

680 

181600 


One  partial  product  was  omitted  once  in  example’!)" 
once  in  example” i’j  three  times  in  example” n"  twice  in  example 
"t"four  times  in  example” v”  four  times  in  example”w’^  and  once 
in  example" y’l  There  was  one  error  in  adding  products  in  ex- 
ample”ky  one  in"m’,'  one  in" o’,’  2 in"q’,’  two  in"sy”ty”u”  and”v” 
and  one  in"w’.’  The  other  errors  were  scattering. 
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Showing  the  Distribution  of  the  Types  of  Errors 
by  Examples  in  the  5 P Multiplication  Test  made  by 
38  Fifth  Grade  pupils  Nov,  5,  1935 
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Table  X is  read  as  follows: 

Example  a contains  2 errors — one  in  adding  instead  of  multi- 
plying (6)  and  one  in  subtracting  instead  of  multiplying  (18) 
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Since  the  i.Q's  varied  so  much  in  this  class  it 
might  he  well  to  explain  certain  things  about  several  of  the 
pupils.  Mary,  with  an  of  67,  came  to  us  from  another 

district  in  the  city.  Her  record  of  attendance  was  very  poor. 
She  had  no  mother.  Her  father  was  on  the  welfare.  They  made 
their  home  with  her  young  married  brother.  When  Mary  came  to 
us  she  could  not  add  the  simplest  combinations.  Before  the  5 
P multiplication  was  given  she  had  received  some  individual 
help  but  not  very  much. 

Her  progress  might  have  been  discouraging  to  any  but 
an  understanding  teacher.  Her  gains  were  slow  but  somewhat 
steady.  On  her  first  re -test,  at  the  end  of  45  twenty-minute 
periods,  of  teaching,  most  of  which  were  given  to  individual 
instruction,  she  raised  her  score  from  28--time  27  min.— to 
68--time  19  min.  On  the  second  retest,  following  6 twenty- 
minute  periods  of  remedial  work,  her  score  dropped  to  60-- 
time  24  min.  On  her  third  re-test  with  6 more  periods  of 
remedial  work  her  score  went  up  to  88— time  18  min.  This  was 
considered  a triumph  by  her  teacher,  by  the  cadet  teacher  who 
also  helped  her,  and  by  the  writer.  At  the  end  of  tv/o  more 
periods  of  twenty  minutes  each  her  score  reached  the  100  % 
mark--time  40  min.  She  had  learned  to  check;  this  doubled 
her  time. 

Mary  received  59  twenty-minute  periods  of  remedial 
instruction — a total  of  1180  minutes  or  19  hours  and  40  min- 
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utes.  About  half  of  the  time  was  spent  in  individual  in- 
struction. The  rest  of  the  time  she  worked  with  uroup  3. 

Let  us  compare  her  record  with  that  of  Frances  who 
had  an  I.Q.  of  145  according  to  the  National  intelligence  Test# 
Prances  was  9 years  and  5 months  of  age  when  she  took  the  test 
on  MOV.  5,  1935.  Her  score  was  92  and  her  time  was  25  minutes. 
On  the  first  re-test,  after  10  twenty-minute  periods  of 
remedial  work,  she  received  a score  of  88 — time  15  minutes. 

She  gained  10  minutes  in  time  but  lost  4 points  on  her  score. 

On  the  second  re-test  she  received  a score  of  88, 
the  same  as  on  the  first  re-test,  but  shortened  her  time  to 
13  minutes,  with  an  added  2 twenty-minute  periods  of  remedial 
work.  After  5 more  twenty-minute  periods  of  Instruction  she 
received  a score  of  96  on  the  third  re-test — time  15  minutes. 
This  v/as  better  than  on  the  first  test  but  her  time  v/as  2 
minutes  longer  than  on  the  second  re-test. 

On  the  fourth  re-test,  after  having  received  a total 
of  50  twenty-minute  periods  of  remedial  work  since  Nov.  5, 

1935,  she  received  92--time  12  minutes.  She  shortened  her 
time  but  again  lowered  her  score.  On  the  successive  re-tests 
she  received  scores  of  88-~time  15  minutes,  96 — tim.e  15  minutes, 
96 — time  15  minutes,  and  finally  a score  of  100--tim.e  16 
minutes,  after  having  received  24  more  twenty-minute  periods 
of  remedial  work. 

Prances  9 yr.  5 mo.— i.Q.  145--74  periods--1480  min. 
■•^-24  hr#  40  min#  
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Mary  14  yr.  2 mo. — I.Q.  67—59  periods --1180  min,- 
19  hr.  40  min. 

The  two  most  extreme  cases  in  the  class  have  been 
cited  here.  It  isn’t  quite  possible  to  make  a comparison  as 
these  girls  have  very  different  backgrounds  and  come  from  very 
different  environments.  Yet  Mary’s  progress  was  one  of  the 
high  lights  of  the  year. 

Another  pupil  in  Group  3 deserves  some  mention. 

Geneva  was  12  years  and  1 month  of  age  when  she  took  the  test 
on  Nov.  5.  Her  score  v/as  72  and  her  time  27  minutes.  Her  I.Q. 
based  on  the  National  Intelligence  Test  was  86.  The  Binet 
test  given  last  year  gave  her  an  I.Q.  of  79.  She  reached  her 
record  of  100  % accuracy  after  having  received  45  twenty-min- 
ute periods  of  remedial  work  or  a total  of  900  minutes  equal- 
ling 15  hours. 

Geneva  is  the  type  of  pupil,  who,  if  given  time 
enough,  can  learn  on  a drill  basis.  Her  record  was  very  good 
in  comparison  with  other  members  of  the  class.  There  were  6 
pupils  with  higher  I.Q.’s  who  received  fewer  periods  of 
remedial  work  than  she;  there  were  eight  others  who  received 
the  same  number  of  periods  of  remedial  work,  which  was  45;  and 
there  were  21  who  received  more  periods  of  remedial  work  than 
she . 

Josephine  and  Catherine  are  twins.  Josephine  has  an 
I.Q.  of  87  and  Catherine  an  I.Q.  of  78  according  to  the  Nation- 
al Intelligence  Test.  Both  of  these  girls  were  retarded  in  the 
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fourth  grade  before  they  came  to  our  building.  They  are  of 
Italian  parentage  and  have  had  the  handicap  of  language  to 
overcome.  They  were  11  years  and  2 months  of  age  when  the 
test  was  given  on  Nov,  5,  1935,  Josephine  received  a score 
of  100— time  20  min.  She  was  one  of  two  pupils  in  the  class 
to  receive  a score  of  100,  on  the  first  test,  Catherine  re- 
ceived a score  of  92--time  19  minutes.  After  50  twenty-mj-n- 
ute  periods  of  remedial  work  Catherine  received  her  perfect 
score.  She  was  re-tested  4 times, 

Josephine— age  11-2  I.Q.87  100--23  min, 

Catherine— age  11-2  I.Q,78  92--19  min,  50  per,  1000  min, 

16  hr.  40  min. 

For  convenience  in  handling  the  pupils  either  for 
group  work  or  individual  instruction  the  thirty-six  pupils 
not  receiving  perfect  scores  on  the  initial  test  were  divid- 
ed into  three  groups.  The  first  group  consisted  of  the  pupils 
receiving  scores  of  96  and  92.  The  second  group  was  made  up 
of  pupils  receiving  scores  of  88,  84,  and  80,  The  third  group 
consisted  of  the  pupils  receiving  scores  of  76,  72,  68,  64, 
and  28, 

On  the  first  re -test  in  Group  1 one  pupil  received 
a perfect  score  after  10  twenty-minute  periods  of  remedial 
work;  in  Group  2 no  one  received  a perfect  score;  in  Group 
3 three  pupils  received  perfect  scores  after  45  tv/enty-min- 
ute  periods  of  instruction.  On  the  second  re-test  in  Group 
1 three  pupils  received  perfect  scores  after  2 more  twenty- 
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minute  periods  of  help.  In  Group  2 five  pupils  received 
perfect  scores  after  45  twenty-minute  periods  of  remedial 
work;  and  in  Group  3 one  pupil  received  a perfect  score  after 
51  tv/enty-minute  periods  of  instruction. 

On  the  third  re-test  in  Group  1 one  pupil  received 
a perfect  score;  in  Group  2 one  pupil  received  a perfect  score 
after  60  tv/enty-minute  periods  of  help;  and  in  Group  3 no  one 
received  a perfect  score.  On  the  fourth  re-test  in  Group  1 
one  pupil  received  a perfect  score;  in  Group  2 no  one  received 
a perfect  score;  and  in  Group  3 three  pupils  received  perfect 
scores. 


On  the  fifth  re-test  in  Group  1 three  received  per- 
fect scores  after  51  twenty-minute  periods  of  instruction  and 
one  pupil  received  a perfect  score  after  50  tv/enty-minute 
periods  of  help;  in  Group  2 one  received  a perfect  score  after 
receiving  help  for  68  twenty-minute  periods;  and  in  Group  3 
no  one  received  a perfect  score.  On  the  sixth  re-test  in 
Group  1 tv/o  pupils  received  perfect  scores  with  a total  of  66 
twenty-minute  periods;  in  Group  2 two  pupils  received  perfect 
scores  with  a total  of  72  tv/enty-minute  periods;  and  in  Group 
3 the  last  three  pupils  in  the  group  received  perfect  scores 
with  a total  of  59  tv/enty-minute  periods  of  remedial  work. 

On  the  seventh  re-test  no  one  in  either  the  first  or 
second  group  received  perfect  scores.  On  the  eighth  re-test 
one  pupil  in  Group  1 received  a perfect  score  after  a total 
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1 no  os  joo'l-^oq  Jb3i'’l800‘i  qoons  orij  nl  aliqf^q  o©*irfj  ja-fX  orfj  S 
. -ibv.  XaX.bO!!To*i  lo  aboXnoq  o jx/nXn;-' ^ctno Pb  lo  I«joj  ^ 
no  jr.-iXl  orli  norfeXo  nl  ono  on  iaoj-on  liXnovos  orlX  nO 


jnou-an  -^jd3Xe  odj  nO  .oonooa  joolneq  bovXooo-i  qx/cna  bnoooa 
Xxijoj  .0  nojla  onooo  iool-isq  3 bavXeoon  X quonO  nX  IXqnq  ono 
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of  74  twenty-minute  periods  of  remedial  workj  and  in  Group 
2 two  pupils  received  perfect  scores,  one  after  having  re- 
ceived 74  tv/enty -minute  periods  of  help  and  the  other  after 
having  received  44  twenty-minute  of  remedial  v/ork. 

1742  twenty-minute  periods  equalling  580  hours  and 
40  minutes  were  used  in  this  remedial  work  with  36  pupils. 
The  "tables”  habit  is  a very  tenacious  one.  This  probably 
accounts  for  the  length  of  time  it  took  to  attain  perfect 
scores.  Most  of  these  fifth  grade  pupils  were  taught  the 
"tables"  through  the  6' s in  the  third  grade  and  the  remain- 
ing "tables"  through  the  12’ s in  the  fourth  grade. 

It  was  a joy  to  work  with  these  children.  As  each 
pupil  received  a perfect  score  he  or  she  dropped  out  of  the 
drill  group.  They  were  commended  for  their  achievement  and 
those  who  remained  in  the  group  were  encouraged  to  try  to  do 
better  the  next  time.  At  no  time  was  coercion  used.  This 
was  done  as  extra  work.  Many  times  children  came  in  early 
for  extra  help  and  many  remained  voluntarily  for  more  work 
after  the  others  had  gone  home.  A definite  record  was  kept 
of  all  instruction  periods,  whether  individual  or  group 
work,  and  these  results  are  assembled  in  Table  XI  which  fol- 


lows : 


Table  XI 

Showing  the  ocores  made  and  the  time  used  In  taking 
the  first  test  and  the  total  time  allotted  to 
Remedial  work  with  38  fifth  grade  pupils  between 
Nov.  5»  1936  and  June  23,  1936 • 


Nov.  5,  1935 


First  Re-test 
Dec.  17,  1935 


Second  Re-test  Third  Re-test  Fourth  Re-test 
Dec.20,1935  ^ Jan.10,1936  -S  Jan. 17, 1936  <§ 


u a 


1 

Beatrice 

10-  0 

133 

100 

23 

2 

Josephine 

11-  2 

87 

100 

20 

23 

10 

3 

Dorothy  B. 

11-  8 

87 

96 

22 

96 

100 

28 

2 

4 

Esther 

12-  5 

89 

96 

40 

86 

22 

10 

92 

29 

2 

88 

20 

5 

68 

19 

4 

100 

25 

5 

Alfred 

10-10 

105 

96 

30 

96 

22 

10 

92 

19 

2 

96 

20 

5 

100 

19 

4 

6 

Rose  T. 

10-  2 

121 

92 

19 

92 

23 

10 

100 

27 

2 

7 

Anna  C • 

10-  5 

111 

92 

22 

88 

15 

10 

92 

14 

2 

96 

16 

6 

92 

13 

4 

100 

11 

6 

Lenora 

9-  9 

121 

92 

20 

92 

19 

10 

100 

18 

2 

9 

Ruth  S. 

10-  3 

116 

92 

18 

100 

19 

10 

10 

Rita 

11-  3 

101 

92 

23 

88 

21 

10 

92 

16 

2 

92 

19 

5 

92 

17 

4 

96 

16 

11 

Eric 

10-  0 

132 

92 

23 

84 

22 

10 

80 

17 

2 

100 

16 

5 

12 

Frances 

9-  5 

146 

92 

25 

88 

15 

10 

88 

13 

2 

96 

15 

5 

Ab. 

3 

92 

12 

13 

Salvatore 

10-  3 

105 

92 

23 

68 

14 

10 

84 

14 

2 

68 

15 

5 

92 

10 

4 

94 

15 

14 

Hasel 

10-  9 

106 

92 

18 

88 

16 

10 

92 

13 

2 

96 

16 

5 

96 

11 

4 

100 

17 

15 

Catherine 

11-  2 

79 

92 

19 

92 

17 

10  , 

96 

14 

2 

96 

16 

5 

Ab. 

3 

100 

16 

Fifth  Re-test 
Apr. 1,1936 


Sixth  Re-test 
May  19,1936  ® 


Seventh  Re-test  Eighth  Re-test 
June  3,  1936  June  11,  1936 


June  19,  1936  I June  22,  1936  June  23,  1936 


°-d 


Begun  Dec.  1,  1935  First  Re-test 


30 

30 

30 

30 


Second  Re-test 


88 

100 


15 

15 


Third  Re-test 


Fourth  Re-test  Fifth  Re-test  Sixth  Re-test 


Seventh  Re-test  Eighth  Re-test 


16  Ethel 

10-  4 

110 

68 

25  ' 

88 

14 

15 

100 

12 

30 

17  Elinor 

9-  0 

107 

86 

19 

96 

14 

15 

100 

16 

30 

16  Joseph 

10-  5 

115 

68 

27 

88 

19 

15 

100 

16 

30 

19  Fred 

10-  3 

116 

88 

27 

80 

13 

15 

Abs  ent 

88 

7 

15 

96 

11 

6 

92 

14 

3 

92 

16 

3 

96 

10 

100 

20 

1 

20  Barbara 

9-11 

114 

84 

18 

96 

25 

15 

100 

10 

30 

' 21  Mary  0. 

10-  5 

113 

84 

19 

96 

12 

15 

92 

12 

30 

80 

11 

15 

84 

14 

6 

88 

12 

3 

100 

22 

3 

22  John  F. 

11-  3 

105 

84 

22 

64 

14 

15 

96 

13 

30 

76 

16 

15 

84 

15 

6 

92 

12 

3 

100 

10 

3 

23  Jack 

11-  1 

104 

84 

29 

Ab. 

10 

Ab. 

20 

100 

21 

15 

24  Rose  C. 

11-  3 

100 

84 

24 

88 

21 

15 

96 

27 

30 

100 

22 

15 

25  Lillian 

10-  9 

133 

80 

13 

84 

23 

15 

100 

17 

30 

26  Everett 

10-  9 

133 

80 

24 

68 

18 

15 

96 

13 

30 

80 

14 

15 

88 

13 

6 

92 

12 

3 

92 

10 

3 

96 

10 

100 

8 

27  Gerald 

12-  7 

83 

80 

13 

92 

9 

15 

96 

10 

30 

96 

7 

15 

96 

10 

6 

100 

15 

3 

1 28  Robert  S. 

10-11 

93 

80 

19 

96 

13 

15 

Ab. 

25 

100 

16 

15 

1 
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Showing  the  scores  made  and  the  time  used  in. 
taking  the  first  test  and  the  total  time  allotted 
to  remedial  work  with  38  fifth  grade  pupils  "be- 
tween Nov.  5,  1935  and  June  23,  1936. 


Nov.  5,  1935 


First  Re-test 
May  19,  1936 


Second  Re-tes^ 

June  3,1936 


ihlrd  Re-test 

June  11,  1936 


^ c *0 
o -H  o 


Fourth  Re-test 

June  19,  1936 


•in  13  -a 
o -H  o 
E-H 


Fifth  Re-test 

June  28,  1936 


■s-g 


29 

Beatrice  B. 

12-  3 

99 

76 

19 

100 

8 

45 

30 

10-  0 

113 

76 

19 

96 

18 

45 

100 

18 

6 

100 

20 

. 

31 

Douglas 

10-  8 

118 

76 

18 

96 

7 

45 

92 

10 

6 

80 

12 

3 

92 

8 

3 

88 

18 

1 

32 

Feggy 

9-  3 

131 

72 

34 

92 

21 

45 

88 

21 

6 

92 

20 

3 

100 

23 

3 

— 

— 

“ 

33 

Alice 

11-  8 

100 

72 

32 

96 

12 

45 

88 

12 

6 

96 

21 

3 

100 

21 

3 

34 

Dorothy  M. 

11-  8 

107 

72 

23 

100 

14 

45 

35 

12-  1 

86 

72 

27 

100 

19 

45 

a. 

16 

100 

25 

36 

11-  5 

108 

68 

19 

84 

15 

45 

72 

13 

6 

92 

20 

3 

92 

25 

3 

84 

1 

37 

10-  5 

122 

64 

18 

84 

7 

45 

96 

11 

6 

92 

12 

3 

100 

8 

3 

21 

100 

40 

38 

Mary  R. 

14-  2 

67 

28 

37 

68 

19 

45 

60 

24 

6 

Absent 

3 

86 

18 

3 

88 

1 

Sixth  Re-test 
June  23,  1936 


20  min. 

periods 


Table  XII  37 

Shov/lng  a Summary  of  the  scores  made  and  the 
time  used  in  taking  the  test  first  test  and 
the  total  time  allotted  to  remedial  work  with 
38  fifth  grade  pupils  between  Nov,  5,  1935 
and  June  23,  1936. 


01  • 

'O  • 

O • 

•H  ; 

^ . 

<D  • 

• 

fX. 

o 

• • 

S W 

• 01 

• 

u-t  PJ  : 

<D 

: ® 

EH 

<D 

O ♦H  ^ 

H +3 

CO  . 

• • 

U 

(D 

B ‘ 

ccj  :i 

<D 

G?  H 

O 

B 

• 

•p  ^ 

^ a C 

bO 

• • 

O 

•H 

o o • 

O •H 

O « -H 

< 

H ^ 

CO 

Eh 

SCI  J 

Eh  S 

1 Beatrice 

2 Josephine 

3 Dorothy  B, 

10-  0 
11-  2 
11-  8 

133  2 100  ; 23  : : ; 

87  : 100  ; 20  : : ; 

87  : 96  : 22  ; 10  ; 200  ; 3 

20 

4 Esther 

12-  5 

89  ; 96  : 40  : 51  :1020  j 17 

5 Alfred 

10-10 

105  ; 96  : 30  2 21  : 420  2 7 

6 Rose 

10-  2 

121  2 96  2 19  2 12  2 240  2 4 

7 Anna  C. 

10-  5 

111  2 92  2 22  2 51  21020  2 17 

8 Lenora 

9-  9 

121  2 92  2 20  2 12  2 240  2 4 

9 Ruth  S. 

10-  3 

115  2 92  2 18  2 10  2 200  2 3 

20 

10  Rita 

11-  3 

101  2 92  2 23  2 67  21340  2 22 

20 

11  Eric 

10-  0 

132  2 92  2 23  2 17  2 340  2 5 

40 

12  Prances 

9-  5 

145  2 92  2 25  2 74  21480  2 24 

40 

13  Salvatore 

10-  3 

105  2 92  2 23  2 66  21320  2 22 

14  Hazel 

10-  9 

106  2 92  2 18  2 51  21020  2 17 

15  Catherine 

11-  2 

78  2 92  2 19  2 50  2IOOO  2 16 

16  Ethel 

10-  4 

110  2 88  2 25  2 45  2 900  2 15 

17  Elinor 

9-  0 

107  2 88  2 19  2 45  2 900  2 15 

18  Joseph 

10-  5 

115  2 88  2 27  2 45  2 900  2 15 

19  Fred 

10-  3 

116  2 88  2 18  2 44  2 880  2 14 

40 

20  Barbara 

9-11 

114  2 84  2 18  2 45  2 900  2 15 

21  Mary  G, 

10-  5 

113  2 84  2 19  2 72  :1440  2 24 

22  John  P, 

11-  3 

105  2 84  2 22  2 72  21440  2 24 

23  Jack 

11-  1 

104  2 84  2 29  2 45  : 900  2 15 

24  Rose  C, 

11-  3 

100  2 84  2 24  2 60  2 1200  2 20 

25  Lillian 

10-  7 

115  2 84  2 31  2 45  2 900  2 15 

26  Everett 

10-  9 

133  2 80  2 24  2 74  21480  2 24 

40 

27  Gerald 

12-  7 

83  2 80  2 13  2 69  21380  2 23 

28  Robert  S, 

10-11 

93  2 80  2 19  2 55  2 1100  2 18 

38 
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29  Beatrice  H.  12-  8 

99  : 76  : 19 

45 

900 

15 

30  John  D.  10-  0 

113  : 76  : 18 

51 

1020 

17 

1 31  Douglas  10-  3 

118  : 76  : 18 

59 

1180 

19 

40 

32  Peggy  9-  3 

131  : 72  : 34 

57 

1140 

19 

33  Alice  11-  8 

100  : 72  : 32 

57 

1140 

19 

34  Dorothy  M.  11-  2 

107  : 72  ; 23 

45 

900 

15 

35  Geneva  12-  1 

86  ; 72  : 27 

45 

900 

15 

40 

36  Florence  11-  5 

108  : 68  : 19 

59 

1180 

19 

40 

1 37  Thomas  10-  5 

122  : 64  : 18 

57 

1140 

19 

38  Mary  R.  14-2 

i 

67  : 28  ; 37 

59 

1180 

19 

40 

1 

1 

Average 

48 

940 

: 15 

: 40  : 

An  average  of  48  twenty-minute 


periods  of 


remedial  work  was  given  to  each  fifth  grade  pupil 


or  15  hr.  40  min 
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One  of  the  first  skills  that  the  fifth  grade  has  to 
develop  is  the  skill  of  checking.  This  is  taught  in  our  own 
fourth  grades,  hut  a full  class  of  fifth  grade  pupils  comes 
to  us  in  September  from  another  district.  These  pupils  may  or 
may  not  have  been  required  to  check  in  the  fourth  grade.  All 
of  the  time  recorded  includes  checking  as  stated  earlier  in 
the  study.  All  of  these  pupils  were  taught  the  multiplication 
combinations  by  the  "tables”  method.  So  the  writer  feels, 
very  conclusively,  that  when  the  time  was  long,  counting  or 
"saying  the  tables"  resulted.  Increase  in  time  means  a very 
definite  form  of  remedial  instruction  to  change  this  particu- 
lar habit  of  work. 

The  remedial  work  was  carried  on  by  a very  competent 
room  teacher  for  the  most  part.  Some  of  the  work  with  Group 
3 was  carried  on  by  a cadet  teacher  under  the  direction  of  the 
regular  room  teacher.  All  of  the  testing  was  done  by  the 
writer  and  occasionally  some  of  the  remedial  work  also. 

The  first  step  in  the  remedial  work  was  to  find  out 
in  which  combinations  each  pupil  was  weak.  Drill  was  given 
on  these  combinations  after  they  were  first  taught  by  groups 
according  to  the  Wilson  Drill  service.  Then  the  steps  were 
taken  in  the  order  of  difficulty.  Each  pupil  moved  to  the 
next  step  or  to  the  next  group  just  as  fast  as  the  work  was 
accomplished  with  perfect  mastery. 
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The  set  up  of  the  Wilson  Drill  Service  is  explained 

in  the  foreword  to  the  pupil: 

"Multiplication  has  been  a favorite  process.  The 
number  of  facts  needed  is  small,  a total  of  only  one  hundred* 
In  business  it  is  the  process  most  used*  You  will  want  there- 
fore to  master  multiplication  perfectly.  Results  less  than 
100^  are  not  satisfactory* 

The  general  plan  in  this  book  is  to  divide  the  facts 
into  small  groups.  There  are  ten  groups.  You  master  the 
facts  of  the  group  and  then  you  learn  to  use  the  facts  in 
bigger  examples*  As  a result,  when  you  have  worked  all  the 
examples  in  this  drill  book  you  should  knov/  multiplication 
perfectly.  It  is  not  a difficult  process.  It  uses  addition 
and  so  gives  you  a good  review  of  previous  work  in  addition. 

You  will  want  to  learn  each  fact  so  well  that  you 
knov/  it  standing  alone  whenever  you  meet  it.  There  will  be 
opportunities  for  checking  yourself,  thus  giving  you  a chance 
to  see  how  well  you  are  getting  along*  You  will  enjoy  the 
game  of  multiplication.  Every  child  can  win. " (48) 


In  the  V/ilson  Drill  Service  the  100  multiplication 
combinations  are  divided  into  ten  groups.  Each  group  is  made 
up  of  ten  facts  which  are  really  five  facts  and  their  rever- 
sals* Each  group  is  divided  into  ten  steps  proceeding  ac- 
cording to  difficulty.  The  first  steps  contain  the  easier 
processes  in  multiplication  and  proceed  through  the  ten  steps 
with  the  processes  becoming  more  difficult* 

One  group— Group  1 — with  the  ten  steps  of  difficulty 
of  the  Wilson  Drill  Service  follows  in  Table  XIII. 


Table  XIII 


From  the  Wilson  Drill  Service 
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Group  I— MULTIPLICATION  (48) 

Steps  1 and  2 

• Primary  Pacts . 

(a) 

(b)  (c) 

(d)  (e) 

if) 

(g) 

(h) 

(i)  (j) 

7 

3 7 

1 5 

0 

2 

5 

2 2 

0 

3 5 

2 2 

7 

2 

7 

1 5 

75 

^ 3^ 

^ 1^ 

75 

¥ 

3^ 

2-  175 

All  of 

the  work  in  Group  1 will 

involve  only  the  combinations 

used  in  Group  1 

Mult inly! 

(a) 

(b)  (c) 

(d)  (e) 

(f) 

(g) 

(h) 

1 

7 2 

7 5 

0 

2 

3 

(1) 

2 

5 5 

0 2 

7 

5 

3 

5 

0 3 

2 5 

2 

7 

7 

(2) 

2 

7 3 

2 7 

1 

0 

0 

7 

7 2 

3 1 

0 

2 

5 

(3) 

0 

5 1 

3 2 

7 

2 

7 

2 

1 5 

5 2 

7 

3 

2 

(4) 

2 

2 7 

2 1 

5 

3 

5 

Step  3 — One-Place 

Multiplier, 

No  Carrying 

(a) 

(h)  (c) 

(d)  (e) 

if) 

(g) 

(h) 

1 1 

111  22 

$2  .2  2 1 

2 

2 1 

12  2 

2 12 

2 

2 2 

2 

2 

2 

2 

2 

(1) 

(j)  (k) 

(1) 

(m) 

(n) 

(o) 

(P) 

2 2 1 

ll.l  2 121 

2 11 

3 3 

|3.3  3 

2 2 

2 2 2 

2 

.2  2 

2 

2 

2 

2 

2 

Step 

4#  One -Place 

Multiplier, 

Carrying  Requiring 

Addition 

in  same  Decade 

(a) 

(b)  (c) 

(d)  (e) 

(f) 

(g) 

(h) 

5 5 

$5.5  5 77 

7 7 7 2 

2 $2 

.2  2 

7 2 

$.2  7 

7 

7 5 

5 

5 

5 

5 

5 

(i) 

(j)  (k) 

(1) 

(m) 

(n) 

(o) 

(P) 

7 7 2 

7 2 7 7 7 2 

7 2 2 2 

7 2 

2 2 7 

5 5 

$5.5  5 

5 

5 5 

5 

5 

5 

2 

2 
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Step  5 One-Place  Multiplier,  Carrying  Requiring  Addition  into 
Higher  Decade 

I Because  the  multipliers  in  Group  1 are  all  small  there  are 

no  examples  under  Step  5*  You  v;ill  have  no  practice  on  Step  5, 
therefore,  until  you  reach  Step  5 of  Group  11. 


Step  6.  One-Place  Multiplier,  Zero  in  Multiplicand,  with  and 
Carrying  to  the  Zero 


(a) 

(b) 

(c) 

(d) 

f.  5 

0 5 0 

5 

5 0 5 

5 

$5  5 

# 

0 5 

7 

7 

7 

7 

Step  7 

, Two-  or 

Three 

'-J 

Place  Multiplier, 

Ho  Carrying 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

1 1 

111 

2 2 

|2.2  2 

1 2 

2 1 

1 

2 2 

2 2 

2 2 2 

2 2 

2 2 2 

2 2 

2 2 

2 

2 2 

(h) 

(i) 

(5) 

(k) 

(1) 

(m) 

(n) 

2 12 

|;2.2  1 ] 

. 1 2 

12  1 

2 11 

1.3  3 

3 3 3 

2 2 

2 2 

2 2 

2 2 

2 2 2 

3 3 

3 3 3 

(o) 

(P) 

(q) 

(r) 

is) 

(t) 

(u) 

2 2 

2 2 2 

2 2 

2 2 

2 2 2 

2 2 2 

112 

1 1 

111 

1 2 

2 1 

12  2 

12  1 

2 2 

Step  8 

• Two-  or 

Three 

Place  Multiplier, 

with  Carrying 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

5 5 

5 5 5 

l.v 

7 

7 7 7 

2 2 

|2.2  2 

2 7 

7 7 

7 7 7 

5 

5 

5 5 5 

5 5 

5 5 5 

5 5 

(h) 

(1) 

(j) 

(k) 

(1) 

(m) 

(n) 

7 2 

2 2 7 

2 7 

2 

7 2 2 

2 7 7 

7 2 7 

7 7 2 

5 5 

5 5 

5 

5 

5 5 

5 5 

5 5 5 

5 5 

(o) 

(P) 

(q) 

(r) 

(s) 

(t) 

(u) 

5 5 

5 5 5 

2 5 

|2.5  5 

5 2 5 

5 5 2 

2 5 2 

2 2 

2 2 2 

2 2 

2 2 

2 2 

2 2 2 

2 2 
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Step  9.  Single  Zero  in  the  Multiplier 


(a) 

(b) 

(c) 

(d) 

(e) 

7 7 

|7.7  7 

7 7 

7 7 7 

$7.7  7 

5 0 

5 0 

5 0 5 

5 0 5 5 

5 5 0 5 

Step 

(a) 

10.  Double 

Zeros  in 

(b) 

the  Multiplicand 

(c) 

and  Multiplier 

(d) 

5 0 0 
7 7 

5 

0 0 5 

7 7 7 

7 7 7 

5 0 0 

7 7 7 

5 0 0 5 
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'TojtlqiTlIuf.;  O'leu.  »Q 


{^) 
V ?,Vv 

c 0 a 


(£)) 

V V V 

a a.o  a 


(o)  (o) 

V V ? '.W 

c;  0 a 0 a 


'lelXqX.'Hi/il  bnJB  [);riJolIqJt;tIjLrLi  oriJ  nl  aoT-ar^  eltfuoCI 


{£>)  (o)  (a) 

V7V  vvv  eooa 

a 003  003  VV7 


(3)  ; 

V V ' 

5.A_ 

1:' 


.CI  qacJS 


(jo) 

0 0 3 
V V 


44 

Drill  was  given  very  specifically  on  the  multiplicatic 
combinations  that  were  weak*  Almost  every  error  can  be  traced 
to  its  relative  position  in  the  Drill  Service  by  finding  the 
group  and  the  step  in  that  particular  group  that  carries  the 
difficulty  encountered  by  the  pupil*  Then  drill  is  given  in 
that  step  of  that  particular  group* 

A great  deal  of  flash  card  drill  is  used  for  automatic 
response*  Each  card  contains  one  of  the  one  hundred  multipli- 
cation combinations*  On  the  reverse  side  of  the  card  is  the 
same  combination  with  the  answer*  If  a pupil  hesitates  on  a 
combination  he  is  given  the  card  v/here  he  may  study  the 
particular  combination  on  which  he  failed* 

Games  with  flash  cards  may  be  introduced*  The  pupil 
wins  the  game  who  has  no  cards  in  his  hands  at  the  end  of  the 
drill*  Some  times  all  in  the  group  are  winners  and  that  causes 
fun*  At  odd  moments  during  the  day,  or  in  out  of  school  hours 
the  children  like  to  help  each  other  with  the  flash  card  drill 
on  the  combinations*  Several  groups  of  two,  one  flashing  the 
cards  and  one  answering,  may  have  a race*  The  group  finishing 
first  becomes  the  winner* 

Appendix  B contains  the  100  multiplication  com- 
binations used  in  flash  card  drill* 

Another  type  of  flash  card  drill  is  the  kind  that 
contains  the  multiplication  combination  and  the  carrying 
figure  such  as6X5<i-4*  This  type  of  drill  is  in  Appendix  Cl 
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Specific  Remedial  Work  in  Grade  Six 
and  the  Results 

The  story  of  specific  remedial  work  in  the  sixth 
grade  will  he  of  Interest.  The  work  was  carried  on  in  a 
similar  manner  to  the  work  done  in  the  fifth  grade.  The  5 P 
Multiplication  Test  was  given  in  the  sixth  grade  on  April  3, 
1936.  There  were  38  pupils  in  this  class  also.  Their  ages 
ranged  from  10-7  to  12-11.  I.(^.»s  ranged  from  92  (lov/)  to 

138  (high). 

The  lowest  score  was  80  and  the  highest  100.  Eleven 
pupils  received  perfect  scores.  The  shortest  time  was  ten 
minutes  and  the  longest  time  was  twenty-seven  minutes.  The 
data  on  scores  and  time  follows  on  page  46  Table  XIV.  The 
same  data  is  shown  graphically  on  pages  47  and  4B  Figures  4 and  5 
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Table  XIV 

Showing  the  Scores  made  on  the  5 P Multiplication 
Test  by  38  Sixth  Grade  Pupils,  April  3,  1936 


No  • of 

pupils  Score 


11 100 ^3 100 

96 

10 92 Qi 92 

4- - - 88 

2— 84 

__2  — - - 80 

38 

Standard  Deviation  6.05 


The  Time  taken  by  38  pupils  in  the  Sixth  Grade  on  the  5 P 
Multiplication  Test  is  indicated  below: 


No#  of 


pupils  Time 


3 10 

6- 11 

2  12 («i3 12 

10 13 Median— 13 

3  - -14 

1-  15 

1 16 

3 17 

2 18 

2-  —19 

1- - -20 

2— 23 

2- —27 

38 


18 


Figure  4 


Showing  graphically  the  distribution  of  scores 
on  the  5 P Multiplication  Test  made  by  38  Sixth  Grade 

Pupils  April  3,  1936 


No  .of 

P’apils 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 

1 

Scores  80  84  88  92  96  100 


Figure  4 Is  read  as  follows; 

11  pupils  received  a score  of  100 
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Figure  5 


Showing  graphically  the  distribution  of  time  in  the 
5 P Multiplication  Test  made  by  38  Sixth  Grade  Pupils 

April  3,  1936 


10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Time 

Figure  5 is  read  as  follov/S2 
3 pupils  completed  the  test  in  10  minutes. 


All  time  Included  checking. 
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Thirteen  types  of  errors  were  found  in  the  5 P 
Multiplication  test  taken  by  the  38  sixth  grade  pupils  on 
April  3,  1936*  This  was  a gain  on  5 over  the  number  of  types 
of  errors  when  the  test  was  given  to  38  fifth  grade  pupils 
Nov.  5,  1935. 


"Carrying  in  Multiplication”  remains  at  the  head 
of  the  list  of  errors  with  13 — 22,01  Second  on  the  list 

is  "Product  in  the  wrong  place— 10  errors--17.01  third 
"added  instead  of  multiplying" --6  errors— 10.16  fourth 

"dollars  and  cents  times  10"  ( |5.90  X 10)— 6 errors— 10,16  %•, 
fifth  "multiplied  wrong — no  carrying”— 5 errors— 8,47  %% 
sixth  "error  in  adding  the  partial  products”— 4 errors--6,61 
seventh  "digit  times  zero"— 4 errors — 6.61  %;  eighth  ”multiplie|^ 
instead  of  adding"— 3 errors— 5.08  %•,  ninth  "omitted  one 
product" — 2 errors — 3.38  %•,  tenth  "omitted  decimal  point" — 

2 errors— 3.38  %;  eleventh  "omitted  a figure  in  the  multi- 
plicand"-2  errors— 3.38  twelfth  "omitted  an  example"  — 

1 error— 1.69  thirteenth  "multiplied  by  the  wrong  figure"  — 

V 

1 error— 1.69^. 


The  total  number  of  errors  was  59. 

The  above  data  is  shown  in  Table  XV  which  follows, 
and  is  shown  graphically  in  Figure  6 which  follows  Table  XV,  . 
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Showing  the  types,  number,  and  percentage 
of  errors  In  the  5 P Multiplication  Test 
made  by  38  Sixth  Grade  pupils,  April  3,  1936. 


The  types,  number,  and  percentage  of  errors  has 
decreased  in  this  sixth  grade*  13  types  of  errors  were  found* 


1 Carrying  in  multiplication 

2 Product  in  the  wrong  place 

3 Added  instead  of  multiplying 

4 Dollars  and  cents  times  10 

5 Multiplied  wrong-no  carrying 

6 Error  in  adding 

7 Digit  times  zero 

8 Multiplied  instead  of  adding 

9 Omitted  one  product 

10  Omitted  decimal  point 

11  Omitted  a figure  in  the  multiplicand 

12  Omitted  an  example 

13  Multiplied  by  the  wrong  figure 

Total  number  of  errors 


13 

22.01  % 

10 

17.01  % 

6 

10.16  % 

6 

10.16  % 

5 

8.47  fo 

4 

6*61  % 

4 

6.61  % 

3 

5.08  % 

2 

3.38  % 

2 

3.38  % 

2 

3 .38  ^ 

1 

1.69  % 

1 

1.69  % 

59 
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Figure  6 

Showing  graphically  the  types  of  errors  in  the 
5 P Multiplication  Test  made  by  38  Sixth  Grade  pupils 

April  3,  1936 


No  •of 
pupils 

13 

12 

11 

10 

9 

8 

7 


errors  1 2 3 45  67  8 9 10  11  12  13 


The  13  types  of  errors  appearing  at  the  bottom  of  the  graph 

are  numbered  to  correspond  with  the  numbers  of  the  types  of 
errors  in  Table  XV. 
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In  Table  XVI  which  follows  on  page  53  the  dis- 
tribution of  the  types  of  errors  has  been  tabulated  according 
to  examples.  The  twenty-five  examples  are  numbered  alpha- 
betically from  a to  y inclusive.  In  the  fifth  grade  there 
were  155  errors  while  in  the  sixth  grade  there  were  59  errors, 
There  were  7 errors  in  example ”w,"  This  example 
seemed  to  be  the  most  difficult  one  in  the  test  or  rather 
the  one  on  which  the  most  errors  v/ere  made.  In  example ’’r" 
there  were  5 errors  made • 


(w) 

(r) 

784 

54 

367 

270 

Pour  of  the  seven  errors  in  example  w were  in 
carrying  in  multiplication,  and  the  five  errors  in  example  V 
were  made  in  placing  the  last  product  in  the  wrong  place  on 
account  of  the  zero  in  the  multiplier. 

Six  pupils  did  example  g incorrectly. 

(g) 

$5.90  The  confusion  lay  in  the  zero  in  the 
10 

multiplicand  and  the  zero  in  the  multiplier. 

In  example  ''e"  four  errors  were  made  in  multiplying 
the  digit  times  the  zero.  The  other  errors  were  fewer  in 


number 
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Showing  the  Distribution  of  the  Types  of  Errors 
by  Examples  in  the  5 P Multiplication  Test  made  by  38 
Sixth  Grade  Pupils,  April  3,  1936 


Types  of 

errors  1 2 3 4 5 6 7 8 9 10  11 12  13 


1 

4 

3 
6 

1 

1 

4 
3 

1 

2 

1 

1 

5 
1 
3 
1 
3 
7 

6 
5 

59 


Table  XVIII  is  read  as  follows:  example  y contains  5 errors  — 2 
^product  in  wrong  place”  (2);  1 ”added  instead  of  multiplying”  (3) 

1 ”multiplied  wrong -no  carrying”  (5);  and  1 ”omitted  one  product” (9) 


> 

i 

i 

1 

*'  1 
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The  same  type  of  instruction  was  follov/ed  as  in  the 

fifth  grade.  These  pupils  were  tested  on  the  100  multlplicatio: 

combinations  and  their  weaknesses  noted.  Drill  on  the  weak 

combinations  follov/ed.  The  steps  according  to  difficulty  were 

taken  next  and  drilled  upon.  No  drill  was  given  on  the  com- 
binations already  mastered. 

The  Wilson  Drill  Service  was  followed  as  in  the 

fifth  grade  work.  (See  pp. '40-43  ) Each  child  moved  at  his  ov/n 

rate  from  one  group  of  multiplication  facts  to  the  next  as 

rapidly  as  perfect  scores  were  secured.  Most  of  the  v/ork  in 

this  grade  was  done  Individually  and  a record  of  the  time 

spent  in  instruction  and  drill  was  kept.  Flash  card  drill 

was  given  as  in  the  fifth  grade.  (See  pp.45  and46) 

The  I.<ci»s  of  the  pupils  who  received  perfect  scores 

ranged  from  94  to  127  although  the  highest  I.Q.  in  the  class 

was  138.  There  were  eleven  pupils  who  received  perfect  scores 

on  the  first  test  given  on  April  3,  1936. 

Five  re-tests  were  given  before  every  pupil  received 

a perfect  score.  On  the  first  re-test  3 pupils  received  per- 
fect scores  after  8 twenty-minute  periods  of  remedial  work; 

on  the  second  re-test  eleven  pupils  received  perfect  scores 

after  eight  additional  twenty-minute  periods  of  help  in 

multiplication. 

On  the  third  re-test  seven  pupils  received  perfect 

scores  after  having  eight  more  twenty-minute  periods  of  in- 
struction. On  the  fourth  re-test  two  pupils  received  perfect 
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scores  after  having  five  more  twenty-minute  periods  of  remedial 
I work;  and  on  the  fifth  re-test  four  pupils  received  perfect 
scores  with  three  additional  twenty-minute  periods  of  in- 
struction. 546  twenty-minute  periods  equalling  180  hours 
' were  used  in  remedial  work  with  27  pupils.  All  of  the  cor- 
rective work  was  done  hy  the  regular  room  teacher  and  the 
testing  was  done  hy  the  writer.  The  children  enjoyed  the 
work.  It  was  fun  to  know  that  perfect  scores  were  available 

i for  every  one  of  them.  Achievement  brought  the  joy  of 

1 

accompliiSiment.  The  pupils  no  longer  felt  satisfied  with  a 
score  of  96  when  they  realized  that  it  was  possible  for  them 
I to  receive  100  per  cent. 

I A real  desire  for  excellence  could  be  seen  in  the 

; daily  work  of  these  children.  It  was  a great  pleasure  to 

I 

work  with  them. 

Tables  with  scores,  time,  and  time  allotted  to 
remedial  work  follow  herewith: 
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Showing  the 
test  and  the 
sixth  grade 

Table  XVII 

scores  made  and  the  time  used  in  taking  the  first 
total  time  allotted  to  remedial  work  with  38 
pupils  between  April  3,  1936  and  June  19,  1936. 

Age 

Apr. 3, 1936 
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1 Jean 
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2 Lloyd 

11-  5 

107 
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3 Andrew 

11-  3 

127 
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13 

4 Joseph 

11-  9 

120 

100 

19 

5 Mildred 

11-  5 

120 

100 

25 

6 Leona 

12-  0 

100 

100 

18 

7 Christina 

11-  7 

94 

100 

13 

8 Barbara 

11-  9 

109 

100 

13 

9 Daniel 

11-  8 
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13 

10  Roland 

13-  2 

94 
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16 
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11  Elaine 
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11 

12  Maud 
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17 
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19  Kenneth 
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Table  XVII  continued 


Showing  the  scores  made  and  the  time  used  in  taking  the  first 
test  and  the  total  time  allotted  to  remedial  work  with  38 
sixth  grade  pupils  hetT>’een  April  3,  1936  and  June  19,  1936. 


Apr .3,  1936  Apr. 17  a 
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Age 

• 
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H S3 
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Time 
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Time 

Ho.  of 
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31 

Lawrence 

12-  2 
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13 
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8 

32 

Pauline 

12-  0 
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88 

17 

96 
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8 

33 

Teresa 

11-  7 
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88 

12 

80 
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34 

Lois 

11-  4 
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88 

15 
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35 

Beatrice 
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11 
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36 

Phyllis 

11-  2 

115 

84 

14 

88 

12 
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37 

Paul 
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80 
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Regina 

10-  9 
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8 
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9 
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15 

8 
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96 
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9 
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Table  XVIII 
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58 

Showing  a sximmary  of  the  scores  made  and  the  time  used  in 

taking  the  first  and  the  total  time  allotted  to  remedial  work 

with  38  sixth  grade  pupils 

between  April  3, 

1936  and  June 

19,  191 

<D 

I.Q. 

1936 

bO 

<< 

N.I. 

T*Score 

Time 

1 

Jean  Pr. 

12-  8 

102 

2 100 

• 

• 

20  1 

2 

Lloyd 

11-  5 

107 

: 100 

• 

• 

14 

' 

3 

Andrew 

11-  3 

127 

: 100 

• 

13  i • 

00 

4 

Joseph 

11-  9 

120 

; 100 

0 

• 

19 

•H 

<D 

4^) 

5 

Mildred 

11-  5 

120 

: 100 

« 

• 

11 

s 

rJ 

6 

Leona 

12-  0 

100 

: 100 

# 

18 

o 

•H 

B 

7 

Christina 

11-  7 

94 

: 100 

• 

13 

N 

n 

09 

8 

Barbara 

11-  9 

109 

: 100 

• 

• 

13 

'O 

o o 

o 

m 

0) 

9 

10 

Daniel 

Roland 

11-  8 
13-  2 

110 

94 

: 100 
; 100 

• 

• 

13 

16 

•H 
• U 

O <D 

• 

o 

o 

C 

0$ 

c 

•H 

11 

Elaine 

12-  0 

115 

: 100 

0 

• 

13 

S fX 

w 

s 

12 

Maud 

12-  1 

110 

; 96 

* 

• 

17 

16 

320 

5 

20 

13 

Prank 

12-  9 

74 

2 96 

0 

0 

17 

33 

660 

11 

- 

0 

14 

John  Sch. 

11-  6 

116 

2 96 

0 

0 

18 

16 

320 

5 

00 

20 

15 

Walter  H. 

11-10 

116 

2 96 

0 

• 

13 

24 

480 

8 

- 

0 

16 

Dorothy  C, 

10-10 

100 

2 96 

• 

0 

14 

24 

480 

8 

- 

0 

17 

Prances 

12-  2 

124 

2 96 

0 

0 

11 

8 

160 

2 

- 

40 

18 

Virginia 

10-  7 

126 

2 96 

0 

0 

11 

16 

320 

5 

- 

20 

19 

Gait anna 

12-  4 

92 

2 96 

0 

12 

16 

320 

5 

- 

20 

20 

Kenneth 

11-  4 

108 

2 96 

0 

0 

19 

16 

320 

5 

- 

20 

21 

Robert  C. 

11-  3 

138 

2 92 

0 

0 

23 

4 

80 

1 

- 

20 

22 

Walter  L. 

11-  3 

112 

2 92 

0 

0 

10 

24 

480 

8 

- 

0 

23 

Robert  G, 

11-  8 

120 

2 92 

0 

0 

11 

16 

320 

5 

- 

20 

24 

Raymond 

11-10 

134 

2 92 

0 

0 

11 

24 

480 

8 

- 

0 

25 

Chandler 

12-  0 

105 

2 92 

0 

27 

16 

320 

5 

- 

20 

26 

Brenda 

11-  8 

120 

2 92 

0 

0 

23 

8 

160 

2 

- 

40 

27 

Norma 

11-  5 

131 

2 92 

0 

0 

13 

16 

320 

5 

- 

20 

28 

Herbert 

11-  4 

126 

2 92 

0 

0 

10 

16 

320 

5 

- 

20 

29 

Mary  Me# 

12-  0 

118 

2 92 

0 

0 

27 

24 

480 

8 

- 

0 

30 

Anthony 

11-10 

92 

2 92 

• 

0 

13 

16 

320 

5 

- 

20 

31 

Lawrence 

12-  2 

117 

2 88 

0 

0 

13 

24 

480 

8 

- 

0 

32 

Pauline 

12-  0 

106 

2 88 

0 

0 

17 

29 

580 

9 

- 

40 

33 

Teresa 

11-  7 

124 

2 88 

0 

0 

12 

24 

480 

8 

- 

0 

34 

Lois 

11-  4 

108 

2 88 

0 

15 

33 

660 

1 

- 

0 

35 

Beatrice 

11-  6 

120 

2 84 

0 

0 

11 

8 

160 

2 

- 

40 

36 

Phyllis 

11-  2 

115 

2 84 

0 

0 

14 

33 

660 

11 

- 

0 

37 

Paul 

12-11 

99 

2 80 

0 

0 

10 

33 

660 

11 

- 

0 

38 

Regina 

10-  9 

120 

2 80 

0 

0 

13 

29 

580 

9 

- 

40 

Average 

20 

400 

6 

- 

40 

An  average 

of  20  tw^enty-minute 

periods  or  6 hr 

► and 

40 

minutes  was  given 

to  each  sixth  grade  pupil  for  remedial 

work* 

6* 


o c 


Conclusions 
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1*  The  study  justifies  the  challenge  and  tentative 
conclusion  that  every  pupil  of  normal  intelligence  in  the  fifth 
and  sixth  grades  can  secure  perfect  mastery  in  multiplication 
if  the  teaching  is  satisfactory* 

2.  Some  pupils  with  I.Q»s  lower  than  90  can  secure 
perfect  mastery  in  multiplication*  Sometimes  the  I*(ci.  as  named 
by  the  N*I*T*  is  lovifer  than  90  because  of  language  handicap  yet 
the  pupil  is  able  to  learn  and  retain  anything  that  he  is  able 
to  understand*  Some  pupils  with  an  I.Q*  lower  than  90  are  able 
to  learn  and  retain  subject  matter  that  is  a tool  subject 
taught  on  a drill  basis* 

3*  The  counting  habit  or  ^saying  the  tables”  can  be 
broken  up  by  teaching  the  multiplication  combinations  in  un- 
related groups*  The  tables  appear  to  be  a definite  handicap* 

4#  Automatic  response  to  the  multiplication  com- 
binations and  the  higher  decade  facts  in  addition  used  in 
carrying  will  eliminate  counting  and  "saying  the  tables," 

5*  Automatic  response  to  the  multiplication  com- 
binations and  the  higher  decade  facts  used  in  carrying  will 
develop  accuracy  and  result  in  perfect  mastery  in  multiplication  .* 
6*  The  time  needed  to  bring  a fifth  grade  pupil  to 
perfect  scores  in  multiplication  is  shown  in  Tables  XI  and  XII* 

In  general  a child  with  an  I.Q.  of  107,  an  initial  score  of 
84,  can  be  brought  to  a perfect  score  in  48  twenty-minute 
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periods  of  corrective  work.  This  is  a statement  based  on 
medians • 

7.  The  Time  needed  to  bring  a sixth  grade  pupil  to 
perfect  scores  in  multiplication  is  shown  in  Tables  XVII  and 
XVIII.  In  general  a child  with  an  I.Q.  of  112,  an  initial 
score  of  96  can  be  brought  to  a perfect  score  in  20  twenty- 
m.lnute  periods  of  corrective  work.  This  is  a statement 
based  on  medians. 

8.  The  question  of  maintenance  should  receive 
attention.  Re-tests  should  be  given  to  the  pupils  receiving 
perfect  scores  to  see  if  they  are  able  to  reach  perfect 
mastery  and  retain  it.  This  phase  of  the  work  is  not  con- 
sidered in  the  present  study. 

9.  The  author  wishes  to  add  that  the  above  work 
proceeded  with  understanding  and  motivation.  It  was  not 
meaningless  and  mechanical.  The  children  readily  conceived 
the  goal,  accepted  it  as  reasonable,  and  worked  enthusiastic- 
ally for  its  attainment. 
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Represents  the  100  Multiplication  Combinations,  used  in 
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